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5 > FT .TTTD MAN A HF.MENT SYSTEMS 

Related Applications 

This application claims the benefit under Title 35, U.S.C. §1 19(e) of pending U.S. 
Provisional Application Serial No. 60/047,213, filed May 20, 1997, entitled "Cell Processing 

,0 System", incorporated herein by reference. This application is also related to co-pending U.S. 
Patent Applications entitled: "Rotating Seals for Cell Processing Systems" (Attorney Docket 
Z0090/7004); "Apparatus and Method for Expressing Fluid Materials" (Attorney Docket 
Z0090/7013); "Optical Sensors for Cell Processing Systems" (Attorney Docket Z0090/7015); 
and "Cell Processing Systems" (Attorney Docket Z0090/70 16), all of which are incorporated 

1 5 by reference. 

Rnrk flround of the Invention 

Cell processing includes steps where cells or cell elements are treated with different 
process chemicals or are washed and then separated from a liquid phase. For example, when 
20 preparing frozen erythrocytes for transfusion, erythrocytes are separated from - 

cryopreservatives and other blood components such as white cells, platelet and sub-cellular 
debris. The entire process must be performed under sterile conditions that minimize the risk 
of contamination. Furthermore, whole blood is separated into its various therapeutic 
components such as red blood cells, white blood cells, platelets and plasma which are later 
25 transfused. There are different cell processing systems that process biological cells in an 

automated or semi-automated way. These systems may use a controller connected to various 
sensors and valves for controlling the process and helping an operator to maximize the 
processing efficiency. However, these systems do not interactively adjust the process based 
on the amount or type of the processed cells or different processing conditions. 
30 Hospitals require a constant blood supply for transfusion. After donors provide Wood, 

regional blood centers are responsible for ABO typing, infectious disease testing, component 
manufacturing, and distribution of red blood cells to hospitals. The hospitals again, test the 
A, B, AB, O blood group and cross match the available blood units to the appropriate 
patients. Since group O blood can be transfused universally, there is a high demand for group 
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O blood in general, and especially in emergency situations where the delay caused by typing 
and matching is not acceptable. Furthermore, the processed blood has a relatively short shelf 
life of 42 days, after which it may no. be transfused. The balancing of the inventory of red 
„™d cells is extraordinarily complex. On a daily basis, the regional blood centers must 
match the demand for different blood groups with the available supply held a, the blood 
cen.e„, and at its hospital customer sites around the country. The individua. blood units arc 
constantly moved within the system in order to match daily variation in supply and demand. 
In fact individual units are frequently moved three to four times within the system before 
finally being transfused. Even with the best efforts by the participants to ensure that each 
collected unit is ultimately transfused, 4% to 8% of all collected units outdate before 
transfusion and must be discarded. A processing system tha, would reproducibly convert A, 
B or AB type blood to O type blood would satisfy a crucial need in this field. The 
availability of O blood cells would improve red cel. availabiHty, substantially eliminate red 
ce,, ou.dating caused by the inability to match units with recipients within the 42 day outdate 
window, eliminate the need for the frequent reshipmen. of blood units in order ,0 match the 
daily supply and demand, and eliminate the need for retesting for the blood type. 

Therefore, there is a wide spread need for an automated interactive cell processing 
system tha. can adjust the processing algorithm based on the type of the processed cells or the 
amount of the cells. Furthermore, there is a need for an automated interactive cell processmg 
system that can assure uniform and reproducible processing condition of the same type of 
cells regardless of their amount being processed or the processing location. 

There is also a need for an efficient means for distributing the various process 
chemicals and biological cells from various sources to a central processing location. 
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gummiirv of the Invention 
In one embodiment, a device is provided for distributing a fluids from different 
sources to different destinations. The device receives fluids from a plurality of different 
sources and distributes the fluids out of a port to a destination. The device also receives fund 
from the destination and transfers the fluid to another port out to another destination. 

In one embodiment, a device is provided for distributing a plurality of fluids. The 
device includes a plurality of ports for receiving « plurality of fluids. The device includes a 
channel coupled to the plurality of ports, and a first port coupled to said channel. The first 
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port is adapted to transfer fluid from said plurality of ports a first destination, and to receive 
fluid from said first destination. The deviee also includes a second port coupled to sa,d 
channel adapted to transfer fluid received on said first port from said firs, destination to a 

t 

second destination. 

5 In another embodiment, a connector is provided that includes a first port to r 

first source of fluid, a second port to receive a second source of fluid, a first outlet in 
communication with the first port, and a second outlet in communication with the second 
port. The first and second outlets are adapted to be attached to first and second input ports of 
a device for distributing the first and second fluids to a particular destination. 

In another embodiment, a device is provided for storing fluids that includes a first 
compartment for storing a first fluid, and a second compartment for storing a second fluid. 

Brjj£Iteription of <1m? Pnwinga 

Fig. 1 is a perspective view of an interactive cell processing system; 
Fig. 2 is a conceptual flow diagram displaying operation of an interactive cell 

processing system; 

Fig. 3 is a block diagram of the interactive cell processing system of Fig. 1; 
Figs. 4 and 4 A show a flow diagram of a process for enzymatic conversion of red 

blood cells; 

Fig. 5 is a perspective view of a fluid distribution module; 
Fig. 6 is a partially exploded view of the fluid distribution module of Fig. 5; 
Fig 7 is a further exploded view of the fluid distribution module of Fig. 6, showing a 
pump valve assembly, housing, fluid distribution manifold, connector, and spring knobs of 
Tm 6 * 

' Fig. 8 is a front plan view of the distribution manifold of Figs. 5-7, and a schematic 

view of a pump and filter; 

Fig. Sa is an exploded view of the distribution manifold and filter of Fig. 8; 
Fig . 0 i, an exploded view of the distribution manifold and connector of Figs. 5-8; 
Fig. 10 is a rear plan view of the front plate of the distribution manifold of Fig. 9; 
Fig. 11 is a rear plan view of the membrane of the distribution manifold of Fig. 9; 
Fig. 12 is a cross-sectional view of Fig. 8, taken along lines 12 -12; 
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Figs. 13 and 14 are front and top plan views 



7; and 



, respectively, of the connector of Figs. 5. 
partment bag connected by tubing to the 
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Fig. 1 5 is a perspective view of a multi-corn 
connector ofFigs. 13 and 14. 

JVMilH ni>Qpription 

• , j -5 o n interactive cell processing system 1 0 includes a cell 
Referring to Figs. 1 and 3, an interactive P a 
i , module 20 a fluid distribution module 40, a processing 
module 12, a supply modu 1 20, nd ^ control modulc 80. These modules are 

collection module 70 (not shown m F, B . D ^ Qc{] 

opc ratively interconnected for processmg ^ ^ ^ ^ 

modu le 12 is constructed for a short term or lo g term , 

^ i on inMndes several containers tor storing uu 

processing. Supply «** — s ^ ^ cdis ^ 

chemicals including saline, or Cher fluids ^ ^ ^ rf 

inc ,„d=s steri.e a, The — are , ««« d » ^ * _ ^ ^ 

controlled amount, of the pro.es, eh ^ ^ ^ ^ 

and for dispensing a known amount of the biolog 

, , «> Pnrthermore fluid distribution module 40 is constructed to oi 
module 60. Furthermore, nu processed cells to a cell 

selected al e ori.hm. ^ ^ Kg 2 . Control 

,„ general, the operation of cell process, g y ^ 

module 80 executes a processing aigorithm selected ininally W- C 

. inin (mm several in-line stnsois mu 
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module 80 executes „ „ ^ ^ - 

^ " T ^Tio, . vo,u.e sensor, measures an initial amount of the 

- ioop - ;; ; : » ~ — ^ » con.ro, ^ . 

provided ; ;; s ; nsed to prMKsing modulc SO in accordance with the 

controls the rf mM of the bio ,o g ical eel,, control module 

processing algorithm. Based on P ^ ^ ^ ^ rf 

80 a,so calculates the individua doses of *e ^ modu]e ^ 

control valves to dispense the chemicals (102) ,n a 

again in accordance with the processing algorithm. 
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• , ^or^^ine algorithm. Control module 80 
Control module 80 executes iteratrvely the processing algo 
Control mouuit. a volume sensor, a 

peb-re-— , kMIls i„ E the selected amount ol one or serf- P-°-<=- - - 

gasc ous or solid state, ~ n 2 oi module 80 reeulates the temper and the time 

to "~ " t ;I module ,0 agitate, mi* or otherwise treat the cells 
of processing and on ^ p , ocessing algori ,hm, control module 80 may 

with the process chem.cals. Dep ndrn ^ ^ „ 

may separate the processed. ^ ^ ^ ^ fte ^ 

Ouring the ^—"1 module 60 and directs the separated components 
exponent s|orage (U2 , Each processing cycle - ? - 

, 0 different contamers for dtsp ( H ^ processing sy!tem 

. different processing chemica, and L or serially. Furthermore, cell 

,0 can a>so process different types of cells a, the ^m ^ ^ ^ 

r r: ill - - — — * - 

:::rd~ ii— ^ - ^— - - - — - 

culture prior to another use. ^ , he 

Bos ed on the start,ng wegh, of h ■ ^ ^ ^ ^ for 

dosage of the processing che-mcals. SuppK- Durlng the process, the 

providing the weigh, of each process chemtc^t h by 
controller conf.rms tha, correct — — - -«* -* >° "* 
curing the change in the ^ ^ chemicais in a Huid state are pumped through 
, h e mitial weight of the chem.ca . . he p. ^ ftom ^ 

a 0.2 micron f,lter to assure stenhty. A pressure 

nuer -he luids heina pumped through me filler have a vanable v.scos.ty 
fiUer. „ .he ^ across thc „„„ m „ m b.a..<.. 

will adjust the pumpmg speed to yteia 

Processing module 60 is designed to assure .denfeal processmg co 

"oceshiiife j amounts ol Uil 

• • „ r,r^^\no time or other) lor large anu mhuu 

pressure, this purpose, processing module 60 includes a 

biological cells provided for processing. 
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• * h.r that has a variable volume design. Depending on the volume of the 
processing « ™ ™ -micals — ed into the chamber, the 

controller cnang pressure sfinsor for 

that may be a membrane, r.^cs.^ . temperature sensor 

• nrcssure inside the processing chamber and also includes a temper 
measuring the pressure insiuo u i 

• tV. P nrncessinc chamber. Based on me uaui a 

chamber. „_,„., cells and/or cell elements from 

Cell processing system 10 may process or separate 

, Such cells and cell elements include, but are not l.mued to, 

different lio,,ds or soM , S ^ ^ ^ ^ ^ ^ lymphocytes , 

erythrocytes 0- ^"'Id cel, progenitors (*,, primitive stem ceils, burst forming 
granulocytes, and monocytes), b o p lets , subce l,ular elements 

endola. ce„s ; medial celts; eells of 

" 7t i - tll , kidney ce„s, bladder ceiis, ,u„ 6 eeiis, pancreatic cel.s, 
norma, u sue ,e £ - - ^ ( ^ _ ^ and other. 

embryomc cells, feta dfc ■ ^ ^ ^ ^ 

Referring again to Fig. 3, in one preicn^ 
„ *1 1 inc iudes a weigh, sensor ,4 arranged to weigh red blood ce.is provtded ,n a 
; t a . Tulg ,7 lects bag 1 6 to a leuko Alter 1 S and ,0 fluid distribute 

m ^7Z!^ - Ph ° SPhate dibaSlC (DPP> - 3 M T h , 

« ene *«* (PEG), a bag 25 with storage solution, and a bag 26 with phosphate 
polyethyl n g ^ ^ ^ ^ module 40 . 

citrate tsotomc (PCI). Each bag above . me „,ioned fluids located in suppiy 

Weight sensor 29 is constructed to we.gh any * 
module 20. Supply module 20 also includes a compressor 30 c nnec, 
check valve 32 to air reservoir 33. which stores sterile a,r used for e p— g 
swi ,ch and sensor 3, is in con— n wtth a,r tubmg , 

air n ,,er located in fluid distribution module — 40 and , 0 pressing 

vaWe 36, regulates the air pressure prov.ded to flu.J dut aml , wc lv= valves 
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m easures the fluid pressure during .he process, and a opucal 

ana from processing fi md ^ expressor syste m 64. An 1R 

Processus modu,e 6 - ^ , oca , ed 

^r/^tZCT. r b , a saiine solution bag - 

pro duct bag 76 and arranged to weigh *^^2< - — e O to 
The controller controls the volume of the processus 

lneconiruuc n f the red Wood cells. The 

m ,v,1 ™ocessinfi conditions for large or small amounts ol 
assure .denfca. process ng ^ ^ ^ 

processing chamber mc.udes a flexible w ^ 

vo.umes, expressor system 64 pumps expre* r u^ * * ^ ^ 

tra nsducer at the chamber signals a forcc a„ d 

-n :::::r:: :i:r rri, - „ _ and ^ 

m echamcal stresses P ^ ^ ^ 

^ « p:r— reel ^ - * temperature sensor 66, which 
Durmg the process, ^ ^ ^ ^ ^ ^ expressM 

measures the temperature of the RBC, If* P ^ ^ 

of system 64 increases the temperature of the expressor 

y . ,.„mf svstem 64 decreases the temperature of the expressor 

!= arrater than the set point, expressor ot system o* u 

r 1 control loop continuously monitors ,e ^ the 

Processing module 60 also incudes a — ^ only 

assure of the sterile air on the = . - ^ ^ ^ 

— * h,ly ^ calls for a chec. of the rotating sea, as well as 

threshold, a warning condition is miuai 

other possible causes of failure. measures the 

pressor fluid system 64 included a thi„ ^ ^ ^ 

«f the pressor fluid which is an indirect measure o.^t r 
pressure of the expressor nui ^ 

cell , The controller ad jU sts the expressor pump spec to — = ^ 

— - - - - ^^r^Z high, the pump is Slowed 

is increased to speed up the expression cycle. If the press 
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P "L. 5S sensor monitors the co,„r and the — — J* 

. .„=_, — « also monitors .he supernatant expressed from the centnfuge 

2 » ««* «* ,o ^ ° r responds by switchins ; ; 

l .To ^ s in a separate storage bag aepe„din B on which c y e,e is being performed. 

^ring to F ils. 4 and 4A. in ,e preferred e— . ^ ^TZ^ 

of F , 3 is used for en^atie ^^^^^^ 
enzymatic conversion process starts m step U 5 by werghnng P 

„„ cells In step ! 17 , based on the starting weight of the proved red blood cells, the 
blood cells. In step /, „ roceS sing bag located inside centrifuge 

system dilutes the red blood cells dispensed to the processing g .,.,„....;„, 

a shown in Fig. 3, with saline in the 1 ,1 ratio, and also Hushes the bag w„h 100 ml of sa me 
l^Z In sLp .2, , the controller calculates the correct dosage of PC. to obtatn the ra„o 
, , Is m, of PC! for ■ 00 m, of red blood cells. T* confer also calcuUt.es Ute correc 
dosage of DPP .o ob,ain the ratio of 1 .0 m, of DPP for 100 mis of red btoou cehs. Pr or . 
ling step 123, .he confer confirms that the correct amount of salme was — to 
n^ge 62 >n s.e P 123, the centrifuge spins a, 3000 MM for abou. 2, minutes a, h n 
lis dL ,0 abou, 1500 RPM and expresses .he saline was.e while .he washed red blood 
•70 cells are left in the processing bag. 

ca,cu.a,d ta s.ep 121, of PCI .0 .he processing bag. PCI (Phospha.e Ci.ra.e ,s„,n.c) 
Eludes ci.rie acid monohydrate ,0, gVL, sodium phosphate dibas.c (anhydrous , g/U 
.,„„„„„ chloride M K /l - Mtspcdcd in one liter ol' *crilc wntcr tavi.« p. I - -« «■<>-<• .1* 
„ reunited dose is 65 mls of 2.S P H PCI Buffer for every 100 mls of .he 85 cri. ee, mass. In 
st e P ,29 .he centrifuge thoroughly mixes .he so,u.ion during addirion of PCI and .hem 
occasional, agi.a,es the red blood ccl,s and PC, mtxturc _ ^ 

equilibration to reduce the P H of the packed re ^ 
step 123, the centrifuge expresses the separated waste (aiso caJed supers , 
30 blood cells are left in the processing bag. 

In step ,31, the system purges the tubing with PEG and dispenses the calcu, ted 
,0 the process bag. In step ,33, the system a,so adds en,ymes to the proccssmg bag, 
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a • 1 1 ^ The enzyme includes 12.5 ml of rB- 
on the amount of red blood ceUs measure ^ The ^ p£Q dose is 

zyme or 2 S m, of a suspenston £ ^ — ^ ^ 60 „ , he incubation 

m , of 85 - ce — - ~ ^ 3 ; c S for ^ The enzyme is sus pended in 5, 

Z «1 temperature according » the algorithm (step 135) and — . the re 

L ai — , a„ parameters - — . - — - *- "» 

sali ne and f-Us up the process bag with sahne. ,n step ,23 the c— sp.n^ 
section a. 3000 RPM for about 2.5 minutes and then s.ows down to about > 00 RPM an 
l"Ls the supernatant waste while tbe washed ted biood cells ate ,cft in the processmg 

^ After the red blood eel. eonversion, tbe centrifuge expresses the supernatant (step 

Nex,,instep 141, tbe system dispenses sahne to the processing bagag.tates the 
!L J spins the nature a, about 3000 RPM for about ,5 - — 

expresses tbe waste, and the system restores tbe B5 erit ce„ mass, n 45 u, 

.1 n n n f converted red biood eehs. m ^icp .*t. > - 
tubing with DPP to restore subsequently pi I of convert 

• 1 1 n m l nf DPP Buffer for every 100 ml of the SO cn ceu 
system dispenses DPP by metering 1 10 ml of DPP Bu 

■ n The system dispenses 140 mM potassium phosphate dibasic with P H 9.0 0.1 
suspension. The system aispen SUSD ended in one liter 

fte waste while the red blood eells are left in fte processing bag. 

Next this system purges the Hues with sahne and washes the red blood ce„s sev ra 
, times baling the processing bag with saline and subse q uent,y expressing the waste (steps 
' T : Id 14,, These steps remove the residua, buffer, e„ Z yme, and P ospb^e to a 

• , ,,-99 9999% \fter expressing the used sahne in the last 
level approximately equivalent to 99.9 ))J,o. Aixe i 

,f..r,- c thr- ^ ^ r '' '"c'J mass, 
washinc cycle (step 153), the system restore Uk - ■ 

The control directs fluid d.stribution module 40 to switch the tubing to collect the 
3„ processed red Mood ceUs m bag 74. This process is control by 

shown in Fig.3). After the optica, detector detects red blood ce„s m step r 
pump reverses its pumping cyc.e ,„ draw bade into the processmg bag the red blood 
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from .he tubing located between the processing bag and the optical detector This M done,o 

Imize the ,o,s of red Wood ecus. Then, fluid distribution system 40 red.rects the 

jessed red Mood ee„s to storage bag 74. When the processing cycle is completed (step 

express xc 0< . ft f ^ g5 cnt cell 

1 57^ the controller meters 100 mis of nutracell storage smuuuii 

™s solution is then stored in the s,ora g e bag made from a materia! approved f or 

^ reltllnhe ce„ processing system is used - - 

, -w^ for example in United States Patents 4,330,619, 4,427,777 and 
blood type as described, tor example, in ui 

4,609,627 by Goldstein. distribution module is 

Fluid distribution module 40 is shown in Figs. 5-7. The fluid 
part of a fluid management system that coordinates the delivery fluids including: biological 
ells process chemicals, solutions, fluids, reagents, etc. to conform with a processmg 
dm executed by control module SO. Generally, the fluid distribution module controls 
algon „ . cell _<, du i e 12 to the processing module 60 

the delivery of fluids from supply module 20 and cell modu 

, s ee Figs 1 and 3), as well as the expression of fluids from the process.ng modu.e 60. The 

fluid a stribution module is a device comprised of pumps, valves, pressure 

aevices, and other components usefu, in the management of a multiphcty of d.fferent funds 

from different sources. 

Referring ,0 Figs. 5-7, the main components of the fluid distribute module are a 

housing 250 a pump va.ve assembly 252 mounted in the housing, and a distnbutton man.fo, 
housmg 2JU, a p P The housing 252 can be formed from sheet metal. 

256 mounted on the housing on platen 262. The housing 

A ,so mounted on the housing 250 is peristaltic (» roller") pump 42. A connector 260 » 
Also moumea different sources 

attachable to the distribution manifold and receives tubing (see Fig. 14) 

of fluids to be transferred to the manifold. 

u o<;r JnMndes a plurality of ports connected to interior runner 
The distribution manifold 256 includes a plurality o P 

., , nft ,i,, r The Dorts are connectable to different 
channels for transferring fluid from one port to another. The port. 

sources or destinations of fluid. 

The distribution module 40 is arranged so that the d.stnouUon n.an..^ . 

u u no 9« so that it may be a single use disposable device which can be 
attachable to the housing 252 so that it may u b 

30 replaced afterthe processing cycle is complete for a bag ,6 of biological cells. Tire 

libution manifold 256 is easily attachab.e and detachab.e to the housing through the use of 
spring knobs 258 (see Fig. 6). To attach the manifold, the spring knobs are rotated 
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vertically and released to bias the manifold against the platen. 

^ platen 262 is seated in a recess 265 of housing 250. The platen 262 ,s an 

. vrh-tio- -naP^ld 256 and the pump valve assembly 252. 1 ne 
intermediary between me uismbutio^ ma. 

pump valve assembly includes a series of solenoids which can be energ,zed o retract 

™ ,ti -574 276 278. 280, 282, 284 and 286 
normally extended plungers 264, 266, 268, 270, 272, 274, 276, ill, , 

and thereby open corresponding valves 43-48 and 49-54 (Fig. 3) associated w„h 
iZonl ports 302, 304, 306, 308, 3,0, 3,2, 324, 326, 328, 330, 332, 334 <F, g . 8) on the 
distribution manifold used ,„ transfer fluids ,„ and from the manifold 256. As exp^ned ,n 
detai, below, a plunger, when extended, deflects a flexible membrane within dtstr, ufon 
manifold 256 to close a particular port so that fluid cannot enter or exit the part.cular port; 
when the solenoid associated with a plunger is energized the plunger is retracted to open the 
associated port, or chamtel, and permit fluid en,,, or exH. ^ 

Also supported by the pump valve assembly 252 are. load cells 
used to sense the fluid pressure at two points within the distribution manifold 256; a stenle an 
hose and filter 293; and optica, sensor 58 inCuding an emitter 294 and a detector 296. Hal, 
effect sensors 298 are used to detect the position of the plungers 264-286. 

Platen 262 includes variously shaped ho!es 300 to accommodate the plungers 264- 
286, load cells 288 and 290, emitter 294 and detector 296 of the optica, sensor, and sterde , «, 
hose 293 (see Figs. 6 and 7). To prevent fluids from entering the pump valve assembly 252, 
individual siiicon pinnger membranes can be p,aced over each plunger, as well as the two 
, oa d cells, and will sea, the respective h„,es 300 of the platen 262. Thus, 
and 266 seen in Fig. 6 are covered by such membrane, ,n Fig. 6, plungers 264 and 2 6 are 
shown in the normal (i.e., non-energized) position in which the ports associated wtth the 
plungers 264-266 would be shut off. When attaching the distribution manifold to the platen 
262 all of the solenoids are energized so the plungers do no, interfere w.th the p,acement of 

the manifold. ^ i t 'tm n 

The distribution manifold 256 is comprised of three mam parts, a .ront p.a.'- 
flexible membrane 303 and back plate 305. The membrane is compressed between the front 
30 and back plate to form sealed channels in the manifold. The back plate is ultrasonically 
welded to the front plate, however, other methods of joining plastics may be used, for 
example, mechanica, snaps, adhesives, solvents, etc. Like the platen 262, the back plate 305 
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also includes holes 307 which match with the holes of the platen 300 to accommodate the 
various elements of the pump valve assembly 252, and expose portions of the flexible 
me mbrane 303. For example, to close the valve associated with a particular port, a soleno.d 

plunger passes through hole 307 of the back plate M ana deflect, tue -~e - - 

toward the front plate to shut off fluid flow in a port or a channel of the front plate 301. 

As seen in Fig. 8, ports 302, 304, 306, 308, 310 and 312, feed to a first distribute 
m anifold channel 314. As stated above, these port are opened and closed by plungers 264, 
266 268 270, 272 and 274. Different process chemicals can be fed via tubing to each port 
302-3 12 ' For example, as described in the preferred embodiment described with reference to 
Figs 3 and 4 above, enzymes Al/B and A2 can be attached to port 302 (from bags 21 and 
22) DPP to port 304 (from bag 23), PEG to port 306 (from bag 24), storage solution to port 
308 (from bag 25), PCI to port 310 (from bag 26), and saline solution to port 312 (from bag 
74). Ports 302-3 10 are adapted to receive a connector 260 (described below) to which tubes 

from supply module 20 are attached. 

Fluid will flow from a source connected to any of these ports into channel 314 (if the 
plunger for that port is retracted) and exit at outlet 316 when pump 42 is operating. Tubing 
connects outlet 316 to inlet 318. As shown schematically by arrows "a" in Fig. 8, the 
movement of fluid is from manifold channel 314. Fluid is transferred from 316 to 318 by a 
peristaltic pump (see Fig. 5) through which the tubing passes that connects outlet 316 to mlet 
318. The pump has inlets 315 and 317 which receive the tubing, and a rotating roller 323 that 
rotates counterclockwise and continually pinches the tube along its length to generate a 
vacuum effect, suckin C fluid from outlet 316 to inlet 318. Motor 386 causes roller 323 to 

rotcitc 

The fluid will proceed to port 320 and exit the manifold via tubing which is connected 
to a filter 321 . The filter is a bacteriostatic filter having, for example, a .2 micron pore size 
manufactured by Pall Inc.. and filters out contaminants which may be in the fluid. Two filters 
can be used in parallel to increase the rate of fluid flow which is slowed by the filter. The 
output of the filter 321 is coupled via tubing to another port 322 where the fluid enters a 
second manifold channel 319 of the manifold. Ports 320 and 322 do not have solenoid 
plungers associated therewith and thus are not valved ports. The filter is connected to ports 
320 and 322 using elbow connecters 331 and small pieces of plastic tubing 333. 
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Ports 324, 326, 328, 330, 332 and 334 are also connecte d to manifold charme. 319. 

F1 „„ ro these ports is controlied by solenoid p.ungers 276-2 8 6, res P ee,We, y correspond^ 

Ls 49-54 k 3). These ports (and port 3 .2) are adapted to be connected dtrectly < 
valves 49M I 26Q fcr Kasons stated 

jessing methodoiogy described above v,h reference to Fig. 3, the ^ ™- 

, xi. ^ «^rt ^96 is connected to the processing 
follows: port 324 is connected to product bag 76, port 326 conn 

, ~^T}Ri<:couDledtothewastebag72,port33Uis 
module to provide a rinse saline solution, port 328 is coupieo io 

Iptd I cel. bag 16 (bypassing .eulcocvte filter ,S), and port 332 is coupled to cell module 
,„ ,2 ,0 receive unprocessed bio.ogica, ce>K ^ ^ 

Usina the distribution manifold 256, any lima recci v 

f rf<: 394 326 328 330, 332 and 336. To distribute a fluid from ports 
distributed out any of ports 324, 326, 52.o, Jjvj, j 

302-3 .2 to ports 324, 326, 328, 330 or 332, gate valve 334 is closed by p.unger 286 an *e 
oienoid p.Lger associated with the desired port 324, 326, 328, 330 or 332 ,s energtzed .d 
retrac tedl open the port so that fluid may pas, For sample, saline solution received ^ 
port 3 ,2 can be pumped out of port 330 to dilute bio,o 8 ica. cells contained m cell bag 
bypassing ieuicocyte filter 1 8), or can be pumped out of port 326 ,0 rinse the processing 
modu,c 60. The rinse from port 326 is sen, into and expressed ou, of the processing modu* 
mi pushes the remains cells in the line through port 336, valve 334 and out of port 324 

M ^rjlcly, ports 324,32 couid be ,ep, Cosed, gate valve 334 opened^ and fiuid 
from any of pons 302-3 ,2 couid exit out of port 336 to processing module 60. Dunne e 
processing described above, each fluid source connected to ports 302-3 ,2 is pumpe into the 

processing module 60 a, different times during the processing procedure (see F,g. 4>. 
processing through gate valve 

A source of fluid received on one of ports 324-332 also coma p 

- — f to Tvnressine module 60. For example, 
334 to a third manifold channel 335 and exu port «6 to processing mo 

„ u -r ,„ n nrrted T. nort 33? will travel through the 
biological cells received from ceil bag ,o connected .opo.. 

ma ni old 335 and out of port 336 to the p^ng module 60. As with fluids received .a 

3 0 pries Lg module 60 via gravity, since the cell bag is piaced above the distribution manifold 
and the distribution manifold is above the processing module 60. 
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Fluids can also be expressed off from the centrifuge 62 of the processing module 60, 
traveling into port 336, through channel 335 and gate valve 334, to any of ports 324-332. For 
example, in the preferred embodiment described above the centrifuge 62 will express off 
W£rt „ . nd induct to oorts 328 and 324, respectively. 

Third manifold channel 335 includes a cuvette 348 that leads to port 336 which is 
connected via tubing directly to processing module 60. The cuvette 348 is where processed 
nuid from processing module is detected by the optical sensor 58. The emitter of the optical 
detector is 294 is received in a cover 338 of the front plate 301 on one side of the cuvette, 
while the detector 296 is disposed in recess 340 on an opposing side of the cuvette. Thus, the 
detector can detect infrared light emitted through the fluid within the cuvette and detect the 
change to red blood cells that occurs after waste is expressed off by the centrifuge of the 
processing module 60. When the change is detected port 328 connected to the waste bag 72 ts 
closed, and the process can either send the red blood cells back to the processing module 
for further processing, or, if the process is finished, send them to the product bag by openmg 

port 324, t 
The load cell 288 of the pump valve assembly 252 (see Fig. 6) is disposed beneath 

inlet 318 and port 320 to sense the fluid pressure being received in inlet 318. Load cell 288 
senses high-pressure conditions which occur, for example, when the processing module „ 
filled with fluid. For example, if fluid from one of ports 302-312 is being pumped to the 
processing module 60, when the processing module is filled the pressure will nse 
dramatically and be sensed by the load cell. The increased pressure signal is sent back to the 
control module which turns off pump 42. Sensor 288 also senses alarm conditions winch can 
occur if there is a clog downstream from inlet 31 8 and port 320. A second load sensor 290 is 
placed beneath port 336 and senses the pressure in the centrifuge seal of the processmg 
module 60. Thus, if the pressure in the seal at the centrifuge is too great, the processmg can 
be discontinued or centrifuge speed reduced. 

•• Unco ""OT inr' f.ite'- -from pump valve 

. . i -i"* -f>"r><v*»'; p stppie ur nose ~.'-> auu i ^ 

The remaining port j>4z. .CwCiV^ * s.~i.i<- 

assembly 252 and is connected from front plate 301 via n tubing to processing module 60 
which uses the sterile air to create a pressurized sterile environment. Openings 346 and 344 

u . r -m ird 374 (see Fig. M of connector 260. It should be noted that 
receive attachment fingers 3 15 and j /<+ (see i't,.i j 

t «f th^ ™rts recesses and manifold channels of the distribution 
the particular arrangement of the ports, recesses, auu 

r i -n numerous different ways to accomplish transfer of different 
manifold may be configured in numerous cnucrom y 
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fluids to different loea.ions, and .he invention is no. limit*) .o .he particular arrangcmen. 

shown in .he figures. 

Referring to Figs. 9-12, the dis.ribu.ion manifold has three main components, a front 
plate 30 . . a flexible membrane 303 and a back plate 305. The front pla.e and back plale are 
mjecion molded plastic component made of amorphous clear polymer with high tlexura, 
modulus and good impae. strength such as acry.ic. Other materia* may be used, for example, 
po ly carbona.= (PC), serene aery.oni.rile (SAN), polyester and eopolyester, clear acry.omtn.e 
butadiene styrene (ABS), polystyrene, polymethylpentene (TPX). 

The flexible membrane 303 is made of a soft silicon materia, chosen for to abthty to 
resist compression se, and its load tensi.e modu.us. Other materials can be used to form the 
membrane, such as thermoplastic elastomers (TPE). The distribution manifold 256 » 
assembled by sandwiching the membrane 303 between me front and back plate 301 and 305 
and ultrasonic welding the front and back plate to one another. The front and back plate exert 

compressive force on the membrane. 

Fig 10 shows a rear view of the front pla.e 301. Membrane 303 covers and seals wtth 
front pla,e 301 ,o form manifold channels 319, 314 and 335. The membrane 303 is 
compressed by the back plate 305 in order to form a good seal with the front plate 30 1 to 
prevent any fluid leakage out of manifold channels 314, 319 and 335, or any of the ports. 

The distribution manifold 256 is constructed by laying the membrane 303 (as ,t ,s 
oriented in Fig. 1 1) over the rear of the front plate 301 (as it is oriented in Fig. 10). The stde 
of the membrane that contacts the front plate is flat while the opposing side that contacts the 
back plate 305 includes bumps 355 which the solenoid plungers 264-284 are adapted to 
deflect to close the ports associated with and covered by .he bumps 355 on the membrane. As 
seen by comparing Fig, 9 and 10, bumps 355 cover ports 302-3 12 as well as ports 324-332. 
„ A section 360 of the membrane formed wi.hou, a bump and is used to Cose off gate valve 
334 and receives a solenoid plunger (286) which ,s shaped shgh.ly different to dose off the 

- t t t • - < ft ^ac^ Hate 305 and the 

gate valve 334 that connects mamtold channels > 1 1 at* 33- ■ - c - - 

membrane 303 include apertures 388 and 36! through which the optica, emitter passes. 

The rear surface of front plate 301 also includes a plurality of welding ribs 351 where 
30 the back plate 305 is to be ul.rasonica.ly welded .o the front p.a,e. The membrane is shaped 
.„ no, interfere whh .he welding ribs and includes holes 356 and 357 which accommodate the 
ribs so they can be welded to ,he back plate. The weld is shown in Fig. 12 in which rtb 35 1 ,s 
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w elded,obackp,ate305. T* »e,d is formed a, * Joint 367 in which P« of the rib 35 , - 

I" 3« of the —e 303 overlie areas 3SS - 389 of the rear - 
^ 3 ® _ ... , 9 o ^ the membrane a. 362 and 363 through baek plate 
front plate. Load cells ano ~..~c. ftnm fluid passing into inlet 3 1 8 

h „,es 390 and 391, respectively, to sense the fluid pressure from fund passing 

and Huid passing into or out of port 336. _ ^ 

3 °7ttel 1 plate 305 proper, on the front ,a.e 30, . The 

in ord er to center , c m mbrane 3 ^ ^ ^ ^ ^ 

pins are hollowed (see Figs. 10 and 12) ^ Pins 350 and 353 are slotted to 

assembly 252 which extend through the platen 262 P.ns 350 ^ 
accommodate for manufacturing tolerance, Tire slottmg of pm 353 (see Fi ) 

5 " 3 ~ 3 ' 4 "the front plate includes raised ridges 364 (see Fig. 12) which ,nk into 
as to form a seal, the front plate and back plate 305 . Solenoid 

membrane 303 when , — , ^ ^ ^ fc ^ 
plungers are received m holes 307 m P , he by 

-^«^ SS5 »^"-^^T Flt g I2)0 f,hefron,p.ateport. The 
„ deflecting the membrane up to sea, with surface 392 (s F* 

membrane is slightly thinned surrounding the button 355 at 393 
membrane in deforming to close the port. 

The cross-section shown in Fig. 12 also shows a connector port 366 attached 

, r260(seeFig 5) which is attached to the face of the front plate. Asseen 
part of the connector 260 (see 1 ig. 5) w mm „ date oon nector 260 rather 

r- 8 norts 302 304, 306. 308 and 310 are shaped to accommodate connect 
:5 m Fig. 8, ports 302, .0 6 ^ A1(cr ,„„ ivcly , „, c 

„,„„ ,,i, t .c,W receive Uibini; ports 324, 3..C, 3-8 

DOrts ,02-310 can be formed like pons 324-336 to directly re^iv,. . J0 ,n k 



use connector 260. 



, which is made of injection molded plastic, 

As seen in Figs. 13-14, the connector 260, which is maae j 

, • T7S 378 which are adapted to sit inside and to mate with an 
30 includes cylindrical extensions 375-378 which are p ^ the 

interior surface of ports 304, 306, 308 and 310, respec.vely. The <~ 
pr ocess fluids from different sources are connected to the proper port of the 
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manifold. The cylindrical extensions are constructed to sit in between an inner ring 394 and 

an outer ring 395 of the port (see Figs. 8 and 12). O-rings 379 (see Fig. 9) are adapted to sit 

between the extensions 375-378 and ports 304-310 to provide a seal. Attachment fingers 373 

344 and 346. 
and 3 snap lutu in& uwn>. ^i"^ ~r — A -»- - 

Ports 368, 369, 370 and 371 of connector 260 feed to respective extensions 375-378, 
and are attachable to tubing which is connected to a multi-compartment bag 380 as shown in 
Fig 15. The bag 380 contains compartments 381, 382, 383 and 384 which can contain 
different types of processing chemicals, such as DPP, PEG, storage solution (AS3), and PCI, 
respectively. The bag can be shipped with connector 260 attached as shown in Fig. 15. The 
connector 260 will assure that tubes 385 are connected in the proper order to ports 302, 304, 
306 308 and 310 of front plate 301. The bag 380 is constructed of Cryovac M312, which is 
resistive to chemicals having a high P H like, for example, DPP and PCI. The compartments 
are formed by heat sealing two sheets of Cryovac M3 12 together. Holes 396 are used to hang 
the bag. 

Port 366 (see Fig. 12) sits on port 302, and is for receiving an additional connector 
associated with a bag that holds the enzyme for processing biological cells. The enzyme bag 
connector snaps into slots 397 of port 366 and seals with an O-ring in port 302 in a manner 
similar to cylindrical extensions 375-378. 

Having thus described certain embodiments of the present invention, various 
alterations, modifications, and improvements will readily occur to those skilled in the art. 
Such alterations, modifications, and improvements arc intended to be within the spirit and 
scope of the invention. Accordingly, the foregoing description is by way of example only, 
and not intended to be limiting. The invention is limited only as defined in the following 
claims and the equivalents thereof. 
What is claimed is: 



